DS02-030 

PIXEL WITH VARIABLE RESOLUTION DURING EXPOSURE 
BACKGROUND OF THE INVENTION 

5 

(1) FIELD OF THE INVENTION 

This invention relates to a variable resolution imager which can have 
1 0 different resolution for different sections of an image and can vary the resolution of the 
entire imager within a frame exposure time. 

(2) DESCRIPTION OF THE RELATED ART 

15 

U.S. Pat. No. 5,452,109 to Compton describes a CCD imager signal 
processor which is dynamically controlled on a pixel-by-pixel and line-by-line basis to 
vary the imaging resolution and format of the imaging process. 

20 U.S. Pat. No. 4,554,585 to Carlson describes a diffusing surface variably 

spaced from an imager and situated in the path of the projected image light to cause 
greater blurring in lower resolution regions of the imager than in higher resolution 



1 



DS02-030 

regions of the imager. The cutoff spatial frequency varies continually in accordance with 
the variable resolution of the system. 

5 SUMMARY OF THE INVENTION 

Imagers receive an input signal, such as light energy, from an image; such 
as an object, photograph, or the like; to be decoded and translated into an output signal. 
The output signal can then be fed to a display unit and the image can be displayed. In 

10 many cases the input signal representing the image which is received by the imager is 

very non uniform. As an example, if the imager is being used to form an output signal of 
an object or scene wherein parts of the object or scene are relatively brightly illuminated 
and other parts of the object or scene have very low illumination parts of the imager may 
saturate while other parts receive insufficient illumination. It may be desirable for other 

1 5 reasons to use different resolution for different parts of an object or scene. 

It is a principle objective of this invention to provide a method of forming 
an image signal from an imager which can have different resolution for different parts of 
a scene. 

20 

It is another principle objective of this invention to provide a method of 
forming an image signal from an imager which can have different resolution for the entire 
imager within a frame exposure time. 
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It is another principle objective of this invention to provide a variable 
resolution imager which can have different resolution for different parts of a scene. 

It is another principle objective of this invention to provide to provide a 
5 variable resolution imager which can have different resolution for the entire imager 
within a frame exposure time. 

These objectives are achieved using an imager having pixels which can be 
binned together to form groups of pixels and thereby achieve variable resolution. 

1 0 Binning a number of pixels together produces larger effective pixels which provide lower 
resolution. The more pixels binned together the lower the resolution. Using the pixels in 
the imager as individual pixels provides the highest resolution that the imager can 
provide. The resolution of the imager can be set prior to a frame and changed for 
different frames. The resolution of the imager can also be changed within a frame 

1 5 providing different resolution for different parts of a frame image. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A shows a cross section view of a part of an imager showing two 
pixels formed in a silicon substrate. 

5 

Fig. IB shows a diagram of four individuals binned together into a single, 
lower resolution pixel. 

Fig. 1C shows a cross section view of a part of an imager showing two 
1 0 pixels formed in a silicon substrate showing a method of binning pixels. 

Fig. 2 shows a diagram of an imager having a number of individual pixels 
forming a high resolution imager. 

1 5 Fig. 3 shows a diagram of an imager having individual pixels binned 

together in groups of four pixels forming a lower resolution imager. 

Fig. 4 shows a diagram of an imager having variable resolution in 
different parts of the imager. 

20 

Fig. 5 shows a diagram of an imager having three levels of resolution in 
different parts of the imager. 
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Fig. 6 shows block diagram of a pixel having operator or processor inputs 
and an output to a detection unit. 



5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Refer now to Figs. 1-6 of the Drawings for a description of the preferred 
embodiments of the method and imager of this invention. Fig. 1 A shows a cross section 
of a part of an imager showing a first pixel 18 and a second pixel 20 formed in a P type 

10 silicon substrate. In this example, the first pixel 1 8 comprises a first N well 12 formed in 
the substrate 10 and the second pixel 20 comprises a second N well 14 formed in the 
substrate 10. During the charge integration period of the imager charge is accumulated 
at the PN junction between the first N well 1 2 and the P type substrate and the PN 
junction between the second N well 14 and the P" type substrate. If the two N wells are 

15 binned together by means of an electrical connection 16 between the first N well 12 and 
the second N well 14, the first N well 12 and the second N well 14 will have the same 
potential, the charge will be equally shared between the first N well 12 and the second N 
well 14, the first pixel 18 and the second pixel act as a single pixel, the signal produced 
by the combined pixel will be due to the incident light averaged over the combined pixels 

20 during an integration period, and the resolution of the effective pixel formed by the 

combined pixels will be reduced: In this manner the resolution of combined pixels in the 
imager can be varied by binning groups of individual pixels together. The binning of the 
groups of pixels can be during a frame or between frames. The pixel combinations with 
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reduced resolution will have reduced noise because the pixels are binned together. The 
noise reduction varies directly with the number of pixels binned together. The resolution 
varies inversely with the number of pixels binned together. 

5 Fig. IB shows an example of four pixels 100 binned together by electrical 

connections 102 to form a combined pixel 110. Fig. 1C shows the cross section view of 
the part of an imager shown in Fig. 1 A showing an example of a programmable electrical 
connection used to bin pixels together. In this example, shown in Fig. 1C, a first 1ST well 
1 2 and a second N" well are formed in a P" type substrate 10. A region 22 is formed 

10 in the P" substrate 10 between the first N~ well 12 and the second N~ well 14. A gate 

oxide 24 is formed over the N 4 " region 22 and a gate electrode 26 is formed over the gate 
oxide 24. The first N~ well 12, the region 22, and the second N" well 14 then form an 
N channel FET which can be turned on or off to either bin the two pixels together or to 
isolate the two pixels. This binning method allows programmable binning of selected 

15 pixels so that the resolution can be changed by programming signals to the imager. The 
resolution of the imager can be changed within a frame or between frames as desired. 
This binning method is explained in Patent Application Serial No. 10/339,189, entitled 
"APS PIXEL WITH RESET NOISE SUPRESSION AND PROGRAMMABLE 
BINNING CAPABILITY" by Taner Dosluoglu, Filed January 9, 2003 which is 

20 incorporated herein by reference. 
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Fig. 2 shows an imager 200 having an array of individual pixels 100, 
thereby providing the maximum resolution of the imager 200. Fig. 3 shows an imager 
200 where the individual pixels 100 are binned together in groups of four pixels using the 
binning connections 102 to form a number of combined pixels 1 10. The imager 200 in 
5 Fig. 3 will have lower resolution than the imager 200 in Fig. 2. Fig. 4 shows an imager 
200 having individual pixels 100 for highest resolution and pixels binned together in 
groups of four pixels 1 10 for lower resolution sections. Fig. 5 shows an imager 200 with 
more than two levels of resolution. The imager in Fig. 5 shows individual pixels 100 in a 
part of the imager, first extended pixels 1 10 having groups of four individual pixels, and 

10 second extended pixels 112 having groups of nine pixels. The resolution of the imager 
can be changed at desired locations of the imager to provide an imager output signal 
having the desired resolution at selected parts of a scene. Some reasons for varying the 
resolution of imager at desired locations of a scene are to compensate for wide variations 
in illumination of objects in a scene, to improve the signal to noise ratio of an imager, to 

1 5 overcome the limitations of chip speed and achieve higher frame rates with variable 
resolution. 

The binning, and thus the resolution of the imager, can be controlled by 
means such as a computer processor or by an operator. Fig. 6 shows a block diagram 
20 showing a processor 2 1 0 or an operator 220 input to an imager 200 with the output of the 
imager going to a detection unit 230. The resolution of the imager can comprise several 
levels of resolution, can be changed within a frame, and can be changed between frames. 
As shown in the block diagram of Fig. 6, signals from the detection unit can be fed back 
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to the processor 210 so image features; such as illumination level, desired signal to noise 
ratio, motion of an object in an image, interest in particular sections of an image, or the 
like; of various sections of the image can be used to determine the resolution of the 
various sections of the imager. The resolution of highly illuminated sections of the 
5 imager can be increased to avoid saturation in those regions of the imager. The 

resolution of sections of the imager can be reduced to improve the signal to noise ratio, 
since binning a number of pixels together reduces the noise of the effective pixel formed 
by the combined pixels. 

10 The variable resolution imager can be used to avoid saturation effects in 

scenes with highly variable illumination level, more closely observe motion in a section 
of a scene, or more closely observe sections of a scene of particular interest. The variable 
resolution imager can achieve variable resolution at higher frame rates since the 
resolution can be changed within a frame or on a frame by frame basis without the need 

15 of extensive image processing. The variable resolution imager can improve the signal to 
noise ratio of the imager since binning pixels together reduces the noise of the combined 
pixels. 

For the operation of the variable resolution imager refer to Fig. 6. First a 
20 number of pixels are selected to make up a frame. The number of pixels in the frame can 
be all of the pixels available in the imager or a selected number of these pixels. The 
resolution of the imager is determined by either the operator 220 or the computer 
processor 210. The resolution of the imager can be varied within the frame or can be 
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changed between frames. The imager determines the image signals and sends these 
signals to the detection unit 230. Feedback from the detection unit 230 to the processor 
210 can be used to adjust the resolution of the imager. 

5 The pixels of this invention have been described N or N~ type silicon wells 

formed in a P or P~ type silicon substrate. In one example TsT type silicon regions are 
formed in a P" type substrate for binning connections. Those skilled in the art will 
readily recognize that the invention will work equally well if N regions are replaced by P 
regions, N regions replaced by P regions, N" regions replaced by P" regions, P" regions 
10 replaced by N" regions, regions replaced by P + regions, and P + regions replaced by 
regions. 

While the invention has been particularly shown and described with 
reference to the preferred embodiments thereof, it will be understood by those skilled in 
15 the art that various changes in form and details may be made without departing from the 
spirit and scope of the invention. 

What is claimed is: 
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